Introduction
Fossil plants of Ladinian age from the Dolomites have been known for over 150 years. The first fragment of a fern frond from the Ladinian of the Dolomites was figured by Wissmann and Münster (1841) . Later, several authors mentioned and figured plant fossils from the "Buchensteiner Schichten" and "Wengener Schichten" of various areas in the Dolomites (Mojsisovics 1879; Arthaber 1903; Ogilvie Gordon 1927 , 1934 Mutschlechner 1932; Leonardi 1953 Leonardi , 1968 Calligaris 1982 Calligaris -1983 Calligaris , 1986 Jung et al. 1995) ; for a detailed historical overview see also Wachtler and Van Konijnenburg-van Cittert (2000) , Kustatscher (2004) , Kustatscher et al. (2004) and Kustatscher and Van Konijnenburg-van Cittert (2005) . The "Buchensteiner Schichten" and "Wengener Schichten" are considered to belong respectively to the lower and upper Ladinian (Gianolla 1993) . Later, Viel (1979a, b) proposed elevating the "Buchensteiner Schichten" and "Wengener Schichten" to group level and distinguishing several formations in each group: the Buchensteiner Group includes the Buchenstein Formation, the Zoppè Sandstone and the Acquatona Formation and the Wengen Group includes the Fernazza Formation and the Wengen Formation (Gianolla 1993) . These groups are no longer used in contrast to the formations. The occurrence of plant fossils in the Fernazza Formation and Wengen Formation (both late Ladinian) was confirmed recently by three floras with well-defined geographic and stratigraphic positions (see also Kustatscher 2004) . The stratigraphic attribution of the historical collections is often complicated or even impossible. The common feature of all of these Ladinian floras from the Dolomites is a dominance of the conifers (Voltzia, Pelourdea), while cycadophytes, seed ferns, ferns, horsetails, and lycophytes are much rarer. This was related to climatic conditions (an arid climate on the mainland), edaphy (immature soil), or taphonomy (caused by selection during transport; Kustatscher and Van Konijnenburg-van Cittert 2005) . Since the palynological analyses of some of the localities suggested a generally warm and humid climate, the composition of the flora was related mostly to taphonomy (for more details see Kustatscher and Van Konijnenburg-van Cittert 2005) . Thus the discovery of a para-autochthonous flora from the early late Ladinian of Monte Agnello is of special interest. Because of the shorter transport of the plant remains the flora is much more diversified and composed of several ferns (discussed here), seed ferns (e.g., Scytophyllum), cycadophytes (e.g., Bjuvia, Nilssonia and Apoldia), and conifers (e.g., Voltzia).
This paper discusses the geology and stratigraphy of the new plant fossil locality and focuses on the ferns of this flora since the Triassic is an important period for the appearance of some leptosporangiate fern families such as the Dicksoniaceae, Matoniaceae, Dipteridaceae, and Hymenophyllaceae (Taylor et al. 2009 ). Indeed some taxa of the new flora represent some of the oldest representatives of the Matoniaceae and Dipteridaceae and give, thus, new insights in the first appearance of these families in the fossil record, especially in Europe.
Institutional abbreviations.-MGP, Museo Geologico delle Dolomiti, Predazzo. Specimens occurring on the same rock slab are identified by different capital letters following the catalogue number.
Geological setting
During the early late Ladinian, the Dolomites were subjected to significant volcanic activity. The volcanic complexes were mostly submarine although locally, such as in the area of Predazzo, subaerial eruptive centres also existed. In the north-eastern sector of the Fiemme Valley, a central vent volcanic complex was created (Hoernes 1912; Leonardi 1968) that was subjected to a series of caldera collapses, which gave origin to annular and semi-annular intrusive complexes in the central part (Monte Mulat). Metamorphic aureoles were associated with such intrusions. Monte Agnello (Fig.  1) represents an area that was only marginally influenced by these events and, therefore, the stratigraphic succession is well preserved there (Fig. 2) .
An approximately 250 metres thick volcanic succession overlies a carbonate platform of late Anisian to Ladinian age (Sciliar Dolomite). The volcanic succession is composed of "explosion breccia" at the base, succeeded by lava breccia and alternations of lava flows and tuffs (Calanchi et al. 1977 (Calanchi et al. , 1978 Lucchini et al. 1982) . The "explosion breccia", as figured in the geological map of Vardabasso (1930) , comprises greyish-greenish clastic rocks. The lithic fragments are represented-in order of distribution-by calcareous, volcanic and metamorphic fragments, clastic rocks and isolated crystals, all related to the Permo-Triassic volcano-sedimentary succession and the underlying metamorphic basement. The components of the breccia are bound by carbonate and/or chlorite-serpentine cement (Calanchi et al. 1977) . The thickness of this explosion breccia varies between 25 metres at the Monte Agnello and 10 metres at Censi (Fig. 2) .
The deposit accumulated in an essentially subaerial environment. The depositional characters (e.g., bomb sags, antidunes, accretionary lapilli) can be attributed to falls and surges deposited in sandwave and massive facies. These are related to explosive phreatic activity (Calanchi et al. 1977 ; Lucchini et al. 1982) . The flora described herein was preserved in the tuffs below the "explosion breccia" of the volcanic succession at Predazzo (sensu Calanchi et al. 1977 ).
Material and methods
The new locality crops out on the northwestern slope of M. Agnello-Censi (Fig. 2) . About 1000 specimens have been collected from 8 distinctive sites denoted by the prefixes MA1-MA8. The detailed stratigraphic analyses of the fossiliferous outcrops show a carbonate platform covered by clay of variable thickness (from ca. 10 to more than 60 cm) of variable colour (yellow, red, brown, dark grey). This is succeeded by about 50 cm of tuffs (both coarse and finegrained), locally rich in accretionary lapilli or, more rarely, small lithic lapilli. Higher in the succession are beds of lapilli-tuff with angular clasts up to several centimetres in diameter (lithofacies B2). The plant fossils are concentrated in the tuff interval (lithofacies B1) near the base of the depositional sequence, directly in contact with the clay bed or only slightly above it (within 50 cm of the clay bed). The plants occur in several decimetre-long fragments; almost complete leaves are also present. The plant remains are preserved mostly as detailed impressions. The casts are almost three-dimensional even when the organic material is completely degraded, and veins are preserved as impressions rather than organic material. In some cases the leaves, especially Chiropteris, are characterized by "holes" related to the lapilli present in the rock.
Ferns are mostly preserved as frond or pinna fragments. The venation is well preserved in some cases, but in most taxa the venation can only be distinguished in a few specimens whereas the majority of the remains are only preserved as casts or strongly carbonised material. Thus no in situ spores could be extracted from the pinnules. Neuropteridium elegans (Brongniart, 1928) Comparison.-In Phlebopteris sp. from the late Ladinian of Thale (Germany), the pinnules are up to 25 mm long and 3-3.5 mm wide with a rounded apex arising perpendicularly from the rachis (2 mm wide). The secondary veins arise at 60-70°, forking once or twice and the sori consist of circa eight free sporangia (Kustatscher and Van Konijnenburg-van Cittert 2011) . Phlebopteris smithii (Daugherty, 1941) Arnold, 1947 and its junior synonym P. utensis Arnold, 1956 (see Ash et al. 1982 ) from the Late Triassic of the USA differ because of the larger pinna dimensions (18 cm long), the more elongate pinnules (10-25 mm long) and its simpler lateral veins. In P. crenulata Weber, 2008 from the Late Triassic of Mexico, the margin of the lamina is crenulate and the venation is reticulate, both characters missing in P. fiemmeae. In P. otongensis Weber, 2008 from the Jurassic of Mexico, the pinnules are linear to triangular, smaller than in our material (5.5 x 1.5 mm), attached almost perpendicularly to the rachis and with crowded and in some cases anastomosing veins (Weber 2008) . Phlebopteris angustiloba (Presl, 1838) Hirmer and Hörhammer, 1936 from the Rhaeto-Liassic of Europe has simple secondary veins arising at an angle of 70-90° which define "fields". Phlebopteris muensteri (Schenk, 1867) Hirmer and Hörhammer, 1936 from the Early Jurassic of Europe and Asia has larger pinnules (at least 60 mm × 4-5 mm), a thick midrib and simple to twice forked lateral veins with a higher vein concentration (30-40 per cm). Phlebopteris muensteri from the Late Triassic of Sweden (Pott and McLoughlin 2011) resembles the pinnule shape of Fig. 3E , but the pinnules of P. fiemmensis seem shorter with a denser venation. In Phlebopteris formosa (Givulescu and Popa, 1998) H.-J. Schweitzer, U. Schweitzer, Kirchner, Van Konijnenburg-van Cittert, Van der Burgh, and Ashraf, 2009 from the early Jurassic of Romania, the pinnules are bigger (80-150 mm long and 10-14 mm wide) with lateral veins arising at 2-3 mm interval and bifurcating often to form an almost fasciculate structure. Phlebopteris tracyi Ash, 1991 from the Jurassic of Oregon (USA) differs because of the reticulate structure of the lateral veins, larger pinnae (up to 50 cm long) and pinnules (40-60 × 3-7 mm). The new species differs from P. polypodioides Brongniart, 1836 and from P. dunkeri (Schenk, 1871) Schenk, 1875 from the Jurassic of Europe and Asia because of the typical anastomosing venation in the latter species (Van Konijnenburg-van Cittert 1993) . Phlebopteris fiemmeae shows some resemblance to P. woodwardii Leckenby, 1864 from the Jurassic of Europe with its simple secondary veins; in the latter species the lateral veins arise almost perpendicularly. Anastomoses may also occur in P. woodwardii Leckenby, 1864 (Harris 1961) . Additionally, the lamina of P. woodwardii is very thick and is commonly preserved as fusain.
Discussion.-Only one fragment shows the attachment of the pinnae. It seems that there are two short basal arms on which the pinnae are attached. Unfortunately, the fragment is small and may belong to an unexpanded leaf. The fertile material confirms the attribution to the genus Phlebopteris.
Phlebopteris is typically a Late Triassic-Jurassic genus. So far, the oldest species are known from the Carnian or Norian of North America (Chinle Formation, P. smithii) or Europe (P. muensteri), and it becomes widespread during the Jurassic and has its latest record in the Early Cretaceous (Van Konijnenburg-van Cittert 1993) . Only a few fragments have been found in the Ladinian so far. Recently, fertile frond fragments were described as Phlebopteris sp. from the late Ladinian of Thale, Germany (Kustatscher and Van Konijnenburg-van Cittert 2011) because they were too badly preserved to identify them to species level. Thus, Phlebopteris fiemmensis from Monte Agnello is now the oldest formally established species in the genus, although the family seem to appear in the early Middle Triassic of Antarctica (Millay and Taylor 1990 Thaumatopteris sp. Description.-One pinna fragment 55 mm long and 13 mm wide is characterized by a very distinct midrib and an entire margin (MGP 63/80; Fig. 4B ). The lateral veins are distinctly reticulate with meshes that are coarser near the midrib (1-2 mm wide) and finer near the margin.
Discussion.-Unfortunately the fragment is small and does not provide any details on the frond and pinna morphology, thus attribution to a species is impossible. The venation pattern, however, attributes this specimen to Thaumatopteris (see e.g., Nathorst 1907; Schweitzer et al. 2009 ).
?Dipteridaceae indet. Discussion.-These specimens show several characters of the Dipteridaceae, such as the partly pedate frond organization. But most of the pinnae are arranged pinnately, and no tertiary venation is visible that might render an assignment to this family possible. Dipteridaceae are characterized by a pedate (palmately dissected) frond arrangement with pinnae dissected to a certain degree, and it is the only fern family occurring in the Mesozoic in which all members are characterized by reticulate venation (see e.g. , Wagner 1979) . This is in contrast to some Phlebopteris species that show occasional anastomoses, but no completely reticulate venation. 
F E
It is an important fern family during the Late Triassic to Cretaceous with several genera (e.g., Clathropteris, Dictyophyllum, Thaumatopteris, Camptopteris, Hausmannia, Goeppertella) occurring worldwide (Tidwell and Ash 1994; Collinson 1996 ). The present material shows some resemblance to Dictyophyllum with its deeply divided lateral pinna segments and to the narrower pinnae of Camptopteris (Nathorst 1906). It might even be an aberrant specimen of Thaumatopteris or Goeppertella. But as long as no specimens with a clear venation have been found, the material cannot be attributed to a family or genus.
Order indet. Family indet. Genus Chiropteris Kurr in Bronn, 1858
Type species: Chiropteris digitata Kurr ex Bronn, 1858; Sinsheim near Heidelberg (Germany); Erfurt Formation (Longobardian, Middle Triassic).
Chiropteris monteagnellii sp. nov. -C, 191/12, 191/17A-C, 191/19A-B, 191/29, 191/36, 191/77A-B, 191/78, 194/8A-B, 194/17, 194/90, 194/95A-B, 194/103 , all from type locality and horizon.
Diagnosis.-Funnel-shaped leaves with elongate, thick petiole characterized by longitudinal striae. Lamina spathulate, probably only secondarily incised to form several lobes, characterized by anastomosing venation forming very narrow meshes without any "midrib". Margin entire.
Description.-Thirteen rock samples contain leaf remains belonging to Chiropteris. Several slabs are compound and contain the fragments of more than one frond. The frond fragments are up to 200 mm long and 120 mm wide (MGP 194/8A; Fig. 4E ). The frond was originally funnel-shaped, as is clearly shown in one specimen (MGP 194/8A ; Fig. 4E) ; the incisions and division in lobes have been created secondarily by dissection of the lamina caused either by the age of the frond or by the transport and deposition of the specimen. The lamina is characterized by a coarse, loose net venation (MGP 191/9B, MGP 194/95B ; Fig. 4F) ; no "midrib-like" structure can be distinguished as is typical for other species of this genus. In most cases the fragments belong to distal parts of the lamina, in some cases also part of the petiole is preserved (MGP 63/75A ; Fig. 5A) ; the lamina reduces downwards to 30 mm and finally the petiole has a diameter of c. 8-15 mm. The petiole reaches more than 150 mm in length and is characterized by longitudinal striae reflecting probably the veins of the leaves (MGP 63/75A; Fig. 5B ). In one specimen at least four different petioles merge together at the base almost as if attached to the same stem or rhizome (MGP 191/10A; Fig. 5B ).
This species differs from Chiropteris lacerata (Quenstedt, 1885) Rühle von Lilienstern, 1931 in its larger frond dimensions, the absence of a midrib in our material and a clear division into lobes, apart from secondary incisions. Rühle von Lilienstern (1931a, b) considered the leaves of C. lacerata to be up to 20 cm wide with a narrow petiole up to 15 cm long; some of our fragments are larger than that. Although large frond fragments are preserved, there is no sign of a midrib. The leaves of C. barrealensis Frenguelli, 1942 from the Rhaetian of Barreal (Argentina), C. tasmanica Walkom, 1925 Chiropteris cuneata (Carruthers, 1872) Seward, 1903 from the Triassic of Queensland and Chiropteris arberi Rüh-le von Lilienstern, 1931 from the Rhaetian of New-Zealand differ in its delicate secondary veins, which in our specimen are coarse, and in the dentate margin of the latter species. Furthermore, Chiropteris copiapensis Steinmann and Solms-Laubach in Solms-Laubach and Steinmann, 1899 from the Rhaetian of Chile seems to be characterized by an irregularly undulate to laciniate margin and rhomboidal areolae (Frenguelli 1942) . Additionally, these three species have been now assigned to the genus Rochipteris, with a putative gymnosperm affinity, because of the non-petiolate, flabellate shape and slightly anastomosing venation (for more details see Barone-Nugent et al. 2003) . Chiropteris seems to be abundant and diverse globally during the Late Triassic (mostly Rhaetian), even if the type species Chiropteris lacerata (Quenstedt, 1885) Rühle von Lilienstern, 1931 comes from the late Ladinian of the Germanic Basin. The preservation of the new material is special. The veins must have been thick because they are very well preserved, different from most of the other fern taxa. The spathulate lamina of these leaves is locally interrupted by "holes" or characterized by undulations because of the presence of lapilli (e.g., MGP 194/95B; Fig. 4F ).
The systematic position of Chiropteris is still unclear. Schimper (1869) evidenced the close resemblance in the net venation between Chiropteris and Sagenopteris (Caytoniales). The genera differ, however, in the leaf structure (funnel-shaped against two pairs of closely spaced leaflets) and venation (lateral veins are almost parallel to the midrib in Chiropteris against lateral veins arising at an acute angle from the midrib in Sagenopteris). Other fan-shaped, non-petiolate leaves with a slightly anastomosing venation and an entire to dissected apex belong to the genus Rochipteris Herbst, Troncoso, and Gnaedinger, 2001. The venation of this Late Triassic genus from Gondwana is, however, only sparsely reticulate, and the leaves are non-petiolate. Additionally they have a gymnosperm, possible ginkgoalean, affinity. Kannaskoppifolia Anderson and Anderson, 2003 , also a putative ginkgophyte leaf, resembles the genus Chiropteris but has a cuneate to flabellate, entire to three times divided lamina and a forking to anastomosing venation; the leaves are irregularly attached on short shoots. Batiopteris Anderson and Anderson, 2003 with its species Batiopteris pulchella Anderson and Anderson, 2003 is characterized by a long, gracile petiole and a fan-shaped to auriculate and bifidly divided lamina with frequently anastomosing veins; this species has also been attributed to the gymnosperms (Anderson and Anderson 2003) . In Cetiglossa Anderson and Anderson, 2003 with its species Cetiglossa balaena Anderson and Anderson, 2003 , a putatively gnetophyte genus of the Carnian of the Karoo Basin, the leaves are elongated with a distinct midrib and a lateral net venation. Gontriglossa Anderson and Anderson, 2003 resembles Sagenopteris with its lanceolate to elliptic leaves and the distinct midrib from which the anastomosing secondary veins arise; the organisation and the shape of the leaves and the distinct midrib distinguish this genus from Chiropteris.
Because of its resemblance with Ophioglossum palmatum Linnaeus, 1753 various authors suggested an attribution to the Ophioglossaceae (e.g., Potonié 1899; Zeiller 1900; Frentzen 1922) . Rühle von Lilienstern (1931b) considered some roundish structures on the lower side of the leaves to be sporangia and attributed the genus to the Matoniaceae or Dipteridaceae; the Dipteridaceae is the only Mesozoic fern family with reticulate venation. Some authors even consider it a ginkgoalean type of leaf (Taylor et al. 2009 Cladophlebis ladinica sp. nov.
Figs. 5C-E, 6A.
Etymology: In reference to the stratigraphic position. Type material: Holotype: MGP 194/6B, specimen with clear venation and basiscopic pinnules, here designated (Fig. 5C) . Paratype: MGP 194/65B, the largest specimen showing the pinna arrangement, here designated (Fig. 5D ). Type locality: Monte Agnello, Dolomites, N-Italy. Type horizon: A tuff layer in the basal part of the "explosion breccia" of the volcanic succession of Predazzo (sensu Calanchi et al. 1977) , Ladinian, Middle Triassic.
Material. 194/5, 194/63B, 194/66, 194/85, 194/86, 194/109, 194/110, 197 /69A-B, all from type locality and horizon.
Diagnosis.-At least bipinnate fronds with stout, winged rachis. Pinnae arising almost perpendicularly, without imbricating. Basiscopic pinnules enlarged, pinnules decreasing in size apically. Pinnules rhomboidal to falcate in shape; in some cases almost connate. Basal pinnae with fused pinnules. Pinnules without distinct midrib, several veins arising from the rachis, bifurcating up to three times.
Description.-The frond fragments are up to 165 mm long and 92 mm wide. The rachis (2.5-4.5 mm wide) shows a wing (MGP 197/69A; Fig. 5E ). The pinnae arise at an angle of 70-90° and are up to 65 mm long and 8 mm wide. Proximally the pinnae reduce in size (22-55 mm long and 6.5-8 mm wide). No apical fragments have been found so far. The pinnae never overlap. The pinna rachis is up to 1 mm wide. The pinnules are rhomboidal to falcate in shape; in some cases they are almost connate (MGP 194/6B, MGP 194/65B; Fig. 5C, D) . The pinnules are 3-4.5 mm long and 2.5-3.8 mm wide (MGP 194/6B; Fig. 5C ) and inserted at an acute angle. The pinnules are largest at the base, with an enlarged basiscopic pinnule, and decreasing apically (MGP 194/65B; Fig. 5D ). Pinnules in the basal pinnae are completely fused demonstrating a sort of fasciculate venation (MGP 194/4B; Fig. 6A ). No midrib is present in the pinnules; several veins arise from the rachis and bifurcate up to three times (almost odontopterid venation).
The Middle and Late Triassic species Todites gaillardotii (Brongniart, 1834) Kustatscher and Van Konijnenburg-van Cittert, 2011 has roundish sterile pinnules with an apex curved slightly upwards, and a venation similar Cladophle-bis ladinica. The secondary veins fork 2-3 times, no midrib is present just as in C. ladinica. Todites gaillardotii differs from C. ladinica mainly in the absence of enlarged basiscopic pinnules; moreover, the pinnules in T. gaillardotii are always free up to their constricted bases (Kustatscher and Van Konijnenburg-van Cittert 2011) . Todites roessertii (Presl in Sternberg, 1838) Krystofovich, 1912 from the Rhaeto-Liassic of Europe has larger pinnules with a neuropterid venation, and more importantly lacks specialized basiscopic pinnules.
Assignment of this taxon to an existing fossil genus for fern foliage is problematic because of two characters of this species; the specialized, enlarged first basiscopic pinnules and the radiating and forking venation lacking a clear midrib. We include the specimens in the morphogenus Cladophlebis, as no other genus combines all the characters of our material. Some Cladophlebis species have a more or less radiating venation (see below), some may have a more or less specialized basiscopic pinnule but to our knowledge, no existing species combines both characters. Hence, we establish the new species Cladophlebis ladinica. Three genera of fern foliage are similar in one aspect. Mertensides Fontaine, 1883 (with its type-species Mertensides bullatus [Bunbury, 1864] a distinct midrib, like almost all species of Cladophlebis (see e.g., Bock 1969) . Lobifolia Rasskazova and Lebedev, 1968 is a morphogenus for sterile foliage of the type found in e.g., Eboracia, Todites, and Cladophlebis with enlarged basiscopic pinnules. These pinnules, are, however, usually divided into two lobes, and the venation incorporates a midrib in the majority of the species (see e.g., Boureau and Doubinger 1975) . Nymborhipteris Holmes, 2003 is characterized by pinnules with a radiating and forked venation as in Cladophlebis ladinica, but it lacks enlarged basal pinnules.
The botanical affinity of Cladophlebis ladinica is not yet clear as no fertile material was found. Species with enlarged, or at least modified basiscopic pinnules are common in the Dicksoniaceae (see e.g., Schweitzer et al. 2009 ) but they also occur sparsely in other families, such as the Osmundaceae and Schizaeaceae (Kustatscher and Van Konijnenburg-van Cittert 2011; Van Konijnenburg-van Cittert 2002) . Neuropterid venation as seen in C. ladinica occurs mainly in Osmundaceae and Dicksoniaceae, so those two families seem the most likely affiliates of the new taxon.
Cladophlebis sp. Material. 194/87, 194/88, 194 /89A-B, Monte Agnello, Dolomites, N-Italy, early late Ladinian.
Description.-The fronds are at least bipinnate. The fragments are up to 80 mm long and 55 mm wide (MGP 194/88; Fig. 6B) . The primary rachis is 3-5 mm thick. Pinnae arise suboppositely and at an acute angle (45-50°) from the rachis, but then curve slightly outwards. Pinnae fragments are up to 55 mm long and generally 10-12 mm wide; just in one case the pinnae fragments are broader (MGP 194/89A; Fig. 6E ). It could belong to a basal frond fragment. The rachis of the pinnae is 1-1.5 mm wide. The pinnules are lanceolate to slightly falcate with a rounded apex and a broad base. The pinnules are densely inserted alternately to suboppositely at an angle of 70-80°. The pinnules are 5-11 mm long and 2.5-4 mm wide (MGP 194/87; Fig. 6C ). The midrib is distinct. The secondary veins arise at an acute angle (c. 50°), bifurcate once halfway along the lamina and perhaps once again near the margin (MGP 63/71; Fig. 6D ).
Remarks.-These remains are very fragmentary and too badly preserved to be assigned to a new or established species. They resemble the Late Triassic species Cladophlebis remota (Presl, 1838) Van Konijnenburg-van Cittert, Van Konijnenburg-van Cittert, Kustatscher, and Wachtler, 2006 , but in the latter species the pinnules are more closely inserted and the apex is acute. Cladophlebis nebbensis (Brongniart, 1828) Nathorst, 1876, a typical Rhaeto-Liassic species from Europe and Asia is similar in its once forked secondary veins and slightly restricted pinnule bases, but the pinnules dimensions in C. nebbensis are larger (around 15 mm long) and the rachis is relatively thin (Schweitzer et al. 1997) .
Discussion
The flora is characterized by a large number of ferns, as described above. Moreover, seed ferns are represented by leaf fragments of Scytophyllum bergeri Bornemann, 1856, cycads by leaf fragments with entire lamina probably belonging to the genera Bjuvia Florin, 1933 , Taeniopteris Brongniart, 1828 and/or Macrotaeniopteris Schimper, 1869 and segmented leaves resembling Nilssonia Brongniart, 1828 and Apoldia Wesley, 1958 . The conifers are represented mostly by shoots belonging to the genera Voltzia Brongniart, 1828 and Pelourdea Seward, 1917 .
The ferns described in this paper can be assigned to the Osmundaceae (Neuropteridium elegans), Matoniaceae (Phlebopteris fiemmensis sp. nov.) and Dipteridaceae (Thaumatopteris sp.). The Matoniaceae, previously described only on the basis of a few specimens from the late Ladinian of the Germanic Basin (compare Kustatscher and Van Konijnenburg-van Cittert 2010) , are now confirmed for the early late Ladinian. For the Dipteridaceae it is so far the oldest fossil record in the Northern Hemisphere. Previously the earliest appearances in Europe were given by the genera Dictyophyllum and Clathropteris in the Carnian of the Germanic Basin and Lunz (Austria, e.g., Corsin and Waterlot 1979) . But in Gondwana the genus Dictyophyllum Lindley and Hutton, 1834 was present already during the Anisian-Ladinian (D. davidii Walkom, 1917 , see Webb 1982 . The Cladophlebis species (C. ladinica and Cladophlebis sp.) may have belonged to the Osmundaceae and/or the Dicksoniaceae but no definite assignment can be made until fertile material has been recovered. The attribution of Chiropteris monteagnellii sp. nov. remains unclear as is the affinity of the whole genus Chiropteris but it might have belonged to the Dipteridaceae.
Regarding the ecology of the taxa found in this assemblage, during the Mesozoic osmundaceous ferns probably grew in warm, humid environments either along river banks or even in fresh-water marshes where they locally even formed peat (resulting in coal) during the Liassic (Van Konijnenburg-van Cittert 2002) . The ecology of the Matoniaceae was variable during the Mesozoic, varying from river banks, to understorey and drier habitats on slopes just as Dipteridaceae, which were mainly recorded from warm-temperate to subtropical zones and were commonly colonizers of disturbed sites (Collinson 1996; Van Konijnenburg-van Cittert 2002) . Considering the similarities between the fossils and the extant forms and considering the demands of the extant genera Dipteris and Matonia, a warm, damp and shaded environment is postulated for the Mesozoic Dipteridaceae and Matoniaceae; they have likely thrived in constantly damp understorey (Corsin and Waterlot 1979) . Unfortunately, although the transport must have been short, the flora is still not autochthonous and this considerably biases the ecological considerations. It enables, however, to infer a more complex flora for the late Ladinian of the Dolomites, which was dominated previously by conifers (Voltzia Brongniart, 1828; Pelourdea Seward, 1917) and seed ferns (Ptilozamites Na-thorst, 1878). So far, the scarcity of "hygrophytic" elements such as ferns, lycophytes, and horsetails in the late Ladinian suggested a more arid climate or a strong taphonomic selection. Recently, a humid spell has been proposed for the late Ladinian of the Dolomites (Preto et al. 2010 and references therein) . This suggested that the taphonomic selection (transport of the plant fossils to the marine basin) biased noticeably the knowledge on the Ladinian floras of the Southern Alp (e.g., Kustatscher and Van Konijnenburg-van Cittert 2005) . The high variability of ferns of the flora from Monte Agnello corroborates the theory of a humid interval in the late Ladinian of the Southern Alps; for the first time the more humid elements of the Ladinian flora of the Southern Alps are preserved in the fossil record.
Several other floras have been described from both the late Anisian and the late Ladinian of the Dolomites, but so far the only early Ladinian flora of the Southern Alps comes from Monte San Giorgio (Stockar and Kustatscher 2010) , thus filling the gap between the two floras. Unfortunately the latter flora was subjected to a prolonged transport and mainly conifers have been found. Thus, the flora from Monte Agnello is so far the only flora filling this gap.
The late Anisian floras from Kühwiesenkopf/Monte Prà della Vacca and Piz da Peres, are rich in fern remains (Broglio Loriga et al. 2002; Van Konijnenburg-van Cittert et al. 2006; Todesco et al. 2008 ) whereas their abundance is lower in the late Ladinian floras from the Dolomites (as discussed above). Neuropteridium elegans is common in both late Anisian localities and rare but at least recorded from some late Ladinian floras of the Dolomites. Phlebopteris and Thaumatopteris have never been recorded from other Triassic floras of the Southern Alps. On the other hand, typical Anisian elements of the Germanic Basin and the Dolomites such as Anomopteris mougeotii Brongniart, 1828 , Neuropteridium voltzii (Brongniart, 1828 Schimper, 1879, Scolopendrites scolopendrioides (Brongniart, 1828) Van Konijnenburg-van Cittert, Kustatscher, and Wachtler, 2006 and Scolopendrites grauvogelii Van Konijnenburg-van Cittert, Kustatscher, and Wachtler, 2006 (e.g., Fliche 1910 Grauvogel-Stamm 1978; Van Konijnenburg-van Cittert et al. 2006 ) and also typical Anisian-Ladinian elements of the Dolomites, such as Gordonopteris lorigae Wachtler, 2006, Sphenopteris schoenleiniana (Brongniart, 1828) Presl in Sternberg, 1838 and Cladophlebis remota (Presl, 1838) Van Konijnenburg-van Cittert, Kustatscher, and Wachtler, 2006 , are missing in the flora of Monte Agnello. Some of the taxa in the new flora can be assigned to the same genus although not to the same species of some Ladinian elements of the Germanic Basin, such as Chiropteris lacerata, or Phlebopteris sp. described recently from the late Ladinian of Thale (Kustatscher and Van Konijnenburg-van Cittert 2011) . Other typical late Ladinian elements of the Germanic Basin such Danaeopsis marantacea (Presl, 1838) Schimper, 1869 and Symopteris rumpfii (Schenk, 1864) Kustatscher, Pott, and Van Konijnenburg-van Cittert, 2010 are missing in the new flora.
The new flora from Monte Agnello is the first Ladinian flora from the Southern Alps showing the "hygrophytic" vegetation elements of this flora. This is most likely an effect of their preservation in para-autochthonous assemblage. The study of the other groups of the flora is still pending and essential in understanding whether the conifers, seed ferns, and cycadophytes show also high diversity in this para-autochthonous flora or if the typically "hygrophytic" elements described above were contaminated during the transport.
Conclusions
In this study the fern remains of the flora from Monte Agnello (Dolomites, Italy) are surveyed. The plant remains have been deposited in volcanic tuff with lapilli commonly disrupting the plant surface. Organic material has not been preserved, but impressions of the veins can be observed. The remains do not show any orientation or sorting due to transport. They are commonly preserved at an angle to the bedding rather than compacted into a single horizon, indicating that the transport must have been short; thus the assemblage can probably be considered a para-autochthonous assemblage.
The ferns are represented by Osmundaceae (Neuropteridium elegans), Matoniaceae (Phlebopteris fiemmensis sp. nov.) and Dipteridaceae (Thaumatopteris sp.). The Cladophlebis species (C. ladinica and Cladophlebis sp.) may have belonged to the Osmundaceae and/or the Dicksoniaceae; also the attribution of Chiropteris monteagnellii sp. nov. remains unclear.
For the Dipteridaceae it is the so far oldest fossil record in Europe.
This work provides additional information on the "hygrophytic" elements of the Ladinian flora of the Southern Alps, previously considered almost completely dominated by conifers and seed ferns. The latter resulted from the reduced transport and taphonomic selection.
